Objective: To identify changing trends in female authorship and publication in the otolaryngology literature. Methods: All articles published in the four major otolaryngology journals in each of the years 1978, 1988, and 1998 were reviewed. The authorship panel of each article was examined for number of authors, gender, educational degree category, and subspecialty area of publication. Data were analyzed for trends in female authorship and the association of gender with the other design variables. Results: A total of 2,463 articles were analyzed. The average percentage of female authorship increased from 4.1% in 1978 to 8.7% in 1988 and 12.4% in 1998, and the percentage of articles with a female "first author" increased from 3.2% to 7.4% and 11.4% for the same years, respectively. Each of these increases was statistically significant (P < .001). The weighted rank of female authorship also increased from 0.063 to 0.164 and 0.243 for the same years, respectively (P < .001). With respect to subspecialty publication, women were first authors of 14.7% of articles concerning pediatric otolaryngology but accounted for 9.9% or less of the first authors in the other subspecialty areas (P < .001). Female authors were also much more likely to be nonphysicians (P < .001) than men. Conclusions: There has been a significant trend toward increased female authorship in the otolaryngology literature. A significant portion of this is accounted for by nonphysician female authors, and female authorship tends to be concentrated in pediatric otolaryngology.
INTRODUCTION
The pursuit and publication of scholarly work are of primary importance in academic otolaryngology. 1 The publication of such pursuits serves to disseminate knowledge and educate colleagues, and it establishes recognition for the authors. In fact, because publication is of such central importance in the academic milieu, in many cases, a significant portion of the motivation for publication may lie in the authors' desire for career advancement. In the extreme, this phenomenon has been known as "publish or perish." With the constant flux in all forms of medical practice, availability of resources and motivation for publication have both been dealt a blow. This may be an additional conundrum for women striving for success in academic otolaryngology. Pressures to publish, shrinking resources, and phenomena such as the "glass ceiling" may have even more bearing for women in otolaryngology.
The progress accrued over the past several decades for women in medicine has been profound. Women now comprise approximately 50% of new entrants to medical school, 36% of residents in training programs, and an increasing percentage of the membership of the American Academy of Otolaryngology-Head and Neck Surgery. 2 However, although women have made substantial gains in the constitution of the physician workforce, their numbers in academic medicine still reflect gender disparity. Women constitute only 26.6% of medical school faculty at all academic ranks, according to data for 1996 -1997 from the American Association of Medical Colleges. 2 Because promotion and even survival in academic medicine depend significantly on publication, trends in female authorship may have a bearing on the current status and future of women in academic medicine. We sought to explore the trends in female authorship in otolaryngology to determine what progress, if any, has occurred and to quantify these advances. issues were excluded. All articles, including editorials, review articles, and case reports, were surveyed in the analysis. The authorship panel of each article was examined for number of authors, gender, educational degree of each author, and subspecialty area of publication. Subspecialty was assigned to one of five categories: otology, general otolaryngology, pediatric otolaryngology, head and neck surgery, or plastic and reconstructive surgery. In cases in which author gender could not be determined, author genders were recorded as "unknown" and treated as neutral in the statistical analysis. A notation was made for articles with more than six authors; authors ranked seven and beyond were eliminated from the subsequent analysis. For each article, the percentage of female authorship (total number of female authors divided by the total number of authors) was determined. A weighted ranking system for female authors (WFR) was also computed according to the following formula:
MATERIALS AND METHODS
WFR ϭ These data were tabulated and analyzed to determine quantitative trends in female authorship in otolaryngology.
Stepwise analysis of the data was performed using the SPSS statistical system (Chicago, IL). Pearson's 2 statistic was used to determine significant differences by year of female first authorship percentage and overall female authorship percentage. This statistic was also computed for distribution of gender by author degree and subspecialty area of publication. One-way ANOVA was used to determine significant differences in the weighted female authorship rank over the 3 sampled years. Dunnett's C test was used to determine post hoc significances between groups among the sampled years. All statistics were recomputed with exclusion of all articles with an "unknown" data element for any author, to ensure that there was no bias imparted by the "unknown author" category.
RESULTS
A total of 2,463 articles were analyzed. A breakdown of articles by year and journal is presented in Table I . The data for first-author gender are shown in Table II . Both the percentage of female first authors and the percentage of unknown first authors increased over each of the 3 years sampled. Among all articles, a total of 577 articles (23.4%) had at least one author whose gender could not be determined, and 330 (13.4%) had an indeterminate gender for first author. In 1978, only 3 articles had more than six authors; the number of articles with more than six authors increased to 31 in 1988 and to 96 in 1998. The percentage of composition of articles by subspecialty for each of the 3 sampled years is demonstrated in Figure 1 , and the distribution of female first authors by subspecialty is depicted in Table III . The degree status of authors is shown in Table IV .
The average percentage of female authorship increased from 4.1% in 1978 to 8.7% in 1988 and 12.4% in 1998, and the percentage of articles with a female first author increased from 3.2% to 7.4% and 11.4% for the same years, respectively. Each of these increases was statistically significant (P Ͻ .001). The WFR also increased from 0.063 to 0.164 and 0.243 for the same years, respectively (P Ͻ .001, ANOVA). In post hoc testing, significant differences (P Ͻ .05, Dunnett's C test) in WFR were found between each pair of years sampled. With respect to subspecialty publication, females were first authors of 14.7% of articles concerning pediatric otolaryngology, but accounted for 9.9% or less of the first authors in the other subspecialty areas (P Ͻ .001). Both female first authors and female authors in general were much more likely to be nonphysicians than were male authors (P Ͻ .001). When the statistics were computed excluding articles in which there was any unknown author gender, each of the reported results remained unchanged in statistical significance.
DISCUSSION
Over the past several decades, women have made significant strides in balancing the practitioner numbers with respect to gender in the physician workforce. They have also grown substantially in their presence in academic medicine. 3 As these two percentages have increased steadily over the past several decades, it would be expected that the authorship contributions by women to the medical literature would increase as well. Within the realm of otolaryngology, women have also increased their representation. According to American Academy of Otolaryngology (AAO) membership statistics, there were 641 female academy members as of September 1994. This female membership increased to 961 as of April 1999. The importance of recognizing advances in female representation in otolaryngology is clearly seen in the cover feature of the American Academy of Otolaryngology-Head and Neck Surgery Bulletin of June 1999. 4 The gender ratio of academic otolaryngologists is more difficult to ascertain, but in a recently published article by Nadol, 1 19% of young academic otolaryngologists responding to a survey conducted by the Society of University Otolaryngologists were women. Because the survey reflected a younger generation of academic otolaryngologists, it is likely that the overall percentage of female academic otolaryngologists is somewhat lower than 19%. To address specific issues regarding female representation in otolaryngology, the AAO convened a special forum for women in otolaryngology, which was conducted at the annual meeting of the AAO in New Orleans in September 1999. This meeting inaugurated a much-needed formal venue for the discussion of female contributions in otolaryngology. Our data clearly illustrate an important trend toward expansion of female authorship in the otolaryngology literature. Tracking such change is important because of the impact publication has on both the specialty and the careers of the authors. In an excellent study by Rosenfeld, 5 which examined the same four major otolaryngology journals as the present study but encompassed the years 1969, 1979, and 1989, there was an increase in female first authors from 2.8% to 4.3% and 6.6% over those years, respectively (P Ͻ .01). The gender composition of the articles was not the central element of that study, and overall percentage of female authorship and other elements such as degree status and subspecialty area were not examined. Our data for female first authors for the 1970s and 1980s are similar. We have demonstrated a clear and continued increase in female first authorship into the 1990s. In addition, we found a significant increasing trend in the percentage of female authorship across all authorship positions. This is further reinforced by the similarly steady increase in the WFR. This increase implies that female otolaryngologists are assuming significant roles in publication at all authorship levels.
The assignment of authorship serves two main purposes: It designates credit to the authors and imparts responsibility for the work. 6 It also provides a potential means of communication for future collaboration with members of the readership. The determination of authorship order in medical publication is not always straightforward. Several studies have identified problems with the authorship order selection and discrepancies between the sequence of authors and their relative contributions to the work. 7, 8 In a review issue of the Journal of the American Medical Association dedicated to examination of the state of medical publication, several articles commented on conflicts arising from authorship and problems with contributions from "ghost" authors. 9 With regard to recognition and designation of authorship contribution to a published article, the position of first author clearly carries the most weight. However, determining the relative contributions of the second, third, and remaining authors is difficult. 8 A ranking system was developed to examine this relative contribution for female authorship. With this system, female authors occupying authorship positions further from the first-author position are assigned a declining percentage of contribution to authorship based on their position. For example, an article with a female first author and male second and third authors would be assigned a weighted rank of 1.0. Similarly, an article with a male first author and a female second author would receive a weighted rank of 0.5. The values for the weighted female rank range from 0 (no female authors) to 2.45 (for a maximum of six female authors). This formula is predicated on the assumption that the authorship sequence reflects a declining contribution to the published work. This method of assigning authorship order has been proposed by bibliometric scholars. 6, 8 It is important to assess the overall role of the female authors in the literature, both to determine their overall contribution and to determine whether their rank in terms of authorship is also increasing. Simply examining female first authorship will neglect the contributions from women in second, third, and remaining authorship roles. It is also important to assess the changes in female authorship rank to ensure that both percentage of female authorship and the WFR are increasing in a corresponding fashion. If the WFR were not increasing, despite an increase in overall percentage of female authorship, this would indicate that women are participating as lowerranked authors in the authorship sequence. It is clear from the data regarding the WFR that women are not only assuming a more prominent first-authorship role, but they are also moving toward improved authorship ranks on the whole within otolaryngology publications. An analogy to this relationship may be found in the increase in Expectedly, there will be a lag period between the increase in the representation of women in otolaryngology and their corresponding representation in the otolaryngology literature. Close follow-up of the literature will allow for a more complete monitoring of these trends. It is likely that the relative over-representation of female authors in the pediatric otolaryngology literature reflects the increased proportion of women among the pediatric otolaryngology subspecialists. We were somewhat surprised to find a relative paucity of female authors in the plastic and reconstructive surgery subspecialty. We do not have a specific explanation for this, but suggest that it merits additional attention in the future. The higher representation of female authors with Doctor of Philosophy (PhD) degrees was also intriguing. The nature of most articles authored by women with PhDs who are not physicians was basic science and mainly concerned aspects of speech and hearing. This trend suggests that women who have PhDs may place more focus in their academic careers on basic science research and publication than their physician counterparts. However, this cannot be clearly demonstrated without knowing the overall population of women with PhDs and female physicians working within otolaryngology and allied health disciplines. Interestingly, we also noted a sustained trend toward increasing numbers in the "unknown gender" category for authors over the sample years. It is likely that this trend represents contributions from international authors, whose gender may be difficult to determine from the publication alone.
The specialty of otolaryngology-head and neck surgery is fortunate to have several high-quality journals dedicated to the dissemination of scientific research and education. Although otolaryngology is a relatively small specialty, the quality of its literature is comparable to published research in other surgical subspecialties. 10 It is clear from a critical review of literature that women are steadily increasing their presence in otolaryngology publications, in terms of both first authorship and overall authorship. Our study does not specifically address potential problems encountered by female authors in attempted publication. Such problems include difficulties with gender bias in the conduct of clinical or basic research, gender bias encountered during peer review processes and publication, and intrinsic variability in the motivation for publication between male and female otolaryngologists. For example, Wilcox 7 found that women encountered more difficulty with authorship disputes than men with respect to biomedical publication. While many of these elements have been studied for other specialties, they merit further investigation within the field of otolaryngologyhead and neck surgery.
CONCLUSION
Female authorship in otolaryngology has increased significantly over the past 3 decades with respect to female first authorship, overall percentage of female authorship, and female authorship rank. Discrepancies exist in female authorship in the subspecialty areas of otolaryngology. These merit further investigation. Nonphysician female authors account for a significant percentage of female authorship in otolaryngology. 
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